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Abstract
Escherichia coli strains of phylogenetic group B2 obtained from Western human hosts are enriched in virulence-associated genes
and have a superior capacity to persist in the colonic microbiota. Here, E . coli strains from 22 infants born in Pakistan whose rectal
ﬂora was sampled regularly over the ﬁrst 6 months of life were examined. B2 strains did not carry the virulence-associated genes
sfaD/E, papC, neuB or hlyA more often than strains of other phylogenetic groups. B2 origin was not associated with persistence in the
bowel microbiota. As compared with B2 strains from Swedish infants, Pakistani B2 strains carried signiﬁcantly less often the virulence
genes ﬁmH (p 0.04), papC (p 0.02), papG class III (p 0.01), sfaD/E (p £0.0001), neuB (p £0.0001), and hlyA (p 0.005), and also the
high-pathogenicity island (p £0.0001). A minority of Pakistani B2 strains belonged to recognized uropathogenic O-groups, which are
common among ‘Western’ B2 strains. Thus, extra-intestinal pathogenicity may be the foremost characteristic of B2 strains colonizing
Western populations.
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Introduction
Escherichia coli is a member of the normal intestinal microbiota
of humans and animals [1], but also causes extra-intestinal
infections such as urinary tract infections, neonatal septi-
caemia, and meningitis [2]. Some E. coli strains may cause intes-
tinal infections. Phylogenetic analysis reveals that the E. coli
population can be divided into four main phylogenetic groups,
termed A, B1, D, and B2 [3,4], of which group B2 is believed
to be the ancestral lineage [5]. Group B2 contains most of the
strains that cause extra-intestinal infections [2]. Such poten-
tially pathogenic strains are also enriched in group D, whereas
groups A and B1 have low extra-intestinal pathogenic capacity,
but include strains causing diarrhoeal disease [6,7].
E. coli strains causing urinary tract infection are enriched in
certain virulence traits, including P-ﬁmbriae, which mediate
attachment to intestinal and urinary epithelium, aerobactin,
which acts as an iron-trapping compound, and certain O and K
antigens [8]. S-ﬁmbriae, haemolysin and the K1 capsule are
enriched among strains causing urinary tract infection,
septicaemia, and meningitis [9,10]. Such virulence genes are
commonly located on particular regions of the bacterial
chromosome called pathogenicity islands (PAIs) [11]. Two
pathogenicity islands associated with E. coli strains of extra-
intestinal pathogenicity are PAI-I, ﬁrst identiﬁed in the uropath-
ogenic E. coli strain CFT073, and the high-pathogenicity island
(HPI), thought to have spread from Yersinia [2,12]. The HPI is
the most prevalent PAI among Enterobacteriaceae [13], and has
been suggested to have been acquired early during evolution.
Two theories have been put forward to explain the
selective concentration of virulence genes within group B2.
One theory is that certain features of the B2 genome facili-
tate acquisition and retention of virulence genes spread via
horizontal transfer [5]. The alternative theory is that viru-
lence genes were acquired by a common B2 ancestor early
in evolution, and have since then been inherited by its
descendants [14].
We have demonstrated that E. coli strains belonging to
group B2 have a superior capacity to persist in the human
commensal microbiota as compared with those of other phy-
logenetic groups [15]. In part, this seems to be due to the
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accumulation of virulence factors in B2 strains, such as
P-ﬁmbriae, haemolysin, and the capsular antigens K1 and K5
[15], but the B2 lineage per se also contributes to
persistence independently of such virulence factors [16].
The ﬁnding of increased extra-intestinal pathogenicity and
the intestinal-colonizing capacity of B2 strains is based on the
examination of collections of strain isolated from Western
populations. When examining commensal E. coli strains sam-
pled in a longitudinal study of Pakistani infants followed from
birth to 6 months of age, we noted that few strains had
P-ﬁmbriae and belonged to O-antigen groups characteristic
of recognized uropathogenic clones [17,18]. This could be
because of a lower prevalence of B2 strains in the Pakistani
population, or a lower carriage rate of virulence traits among
Pakistani B2 strains, or a combination of the two.
Here, we have examined the phylogenetic group distribu-
tion and carriage of the HPI among the commensal E. coli
strains that were previously identiﬁed in infants born in the
urban slum of Lahore, Pakistan, and that have previously
been analysed with respect to persistence [17], adherence to
the colonic cell line HT-29 [18], and virulence gene carriage
[19]. Pakistani strains belonging to group B2 were further
compared with B2 strains from Swedish infants [16] with
regard to their carriage of virulence-associated genes.
Materials and Methods
E. coli strains
The 158 E. coli strains examined here derive from a longitu-
dinal study of 22 Pakistani infants delivered at home in the
urban slum of Lahore with the aid of local midwives in 1984
[17]. Isolation and strain typing has been described previ-
ously [17]. Brieﬂy, rectal swabs were collected every second
day during the ﬁrst week of life, once a week during the ﬁrst
month, and monthly thereafter until 6 months of age. E. coli
was isolated on McConkey agar, from which three colonies
were selected at random to ensure inclusion of the domi-
nant strains. E. coli strains were identiﬁed by biotyping. All
isolates from each infant were compared using multilocus
enzyme electrophoresis (MLEE) [17], a highly discriminatory
method for E. coli strain typing [20]. Strains were deﬁned as
resident if they were isolated on at least two sampling occa-
sions at least 3 weeks apart, and as transient if only isolated
once or over a period shorter than 3 weeks [21]. Alto-
gether, 23 resident and 118 transient E. coli strains were
identiﬁed, whereas the 17 strains found only on the last sam-
pling occasion had an unknown colonizing capacity [17].
One isolate of each strain was previously serotyped using
antisera speciﬁc for 69 common E. coli O-antigens [17], and
their carriage of the following virulence factor genes was
determined using multiplex PCR: papC (P-ﬁmbriae), three
varieties of the P-ﬁmbrial adhesin gene papG (classes I–III),
sfaD/E (S-ﬁmbriae and F1C=ﬁmbriae), draA (Dr haemaggluti-
nin), neuB (K1 capsule), kﬁC (K5 capsule), iutA (aerobactin),
and hlyA (haemolysin) [19]. In the present study, carriage of
the ﬁmH gene (type 1 ﬁmbrial adhesin) was detected using
PCR with previously published primers [2]. All strains were
also previously characterized regarding adherence to the
human colonic cell line HT-29 [18]. Adherence was exam-
ined in the absence and presence of a-methyl-mannoside
(1%), and divided into mannose-sensitive adherence, medi-
ated by type 1 ﬁmbriae, and mannose-resistant (MR) adher-
ence, mediated by other E. coli adhesins.
Concerning virulence factor distribution, a strain collec-
tion consisting of 149 strains obtained from 70 Swedish
infants followed over the ﬁrst year of life was used for com-
parison [22]. Individual strains had been identiﬁed using ran-
dom ampliﬁcation of polymorphic DNA, previously shown to
agree excellently with MLEE [23].Virulence factor genes and
PAIs were analysed in the same manner as in the present
study as in the previous study [22].
Determination of the phylogenetic origin of E. coli strains
using triplex PCR
Phylogenetic grouping of Pakistani E. coli strains was per-
formed using a previously published triplex PCR method
[24], with slight modiﬁcations. A small fraction of a bacterial
colony was added directly to the PCR mixture containing
HotStarTaq Master Mix, (Qiagen, Spa˚nga, Sweden) and
20 pmol of each primer pair for ampliﬁcation of the genes
ChuA, YjaA, and the DNA fragment TSPE4.C2. The PCR was
run as previously described [24]. The ampliﬁed products
were separated by electrophoresis on 2.5% agarose gels,
stained with ethidium bromide [22], and assigned to one of
the four phylogenetic groups B2, D, B1 and A [24]. The fol-
lowing strains were used as positive controls: ECOR 60,
group B2; ECOR 40, group D; ECOR 26, group B1; and
ECOR 4, group A.
Detection of genes associated with the HPI and PAI-I
of E. coli CFT073 (PAI-ICFT073)
The malX gene, previously used as a marker for PAI-I from
strain CFT073 [2,12,25], was detected using PCR as previ-
ously described [2], but using a primer concentration of
0.6 lM. Carriage of the HPI was detected using a duplex
PCR amplifying the genes fyuA and irp2 with previously
published primer pairs [26]. For both assays, the PCR
programme comprised a 15-min initial activation of the Taq
polymerase at 95C, followed by 25 cycles of 94C for 30 s
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(denaturation), 63C for 30 s (annealing), and 68C for
3 min (extension). The programme was terminated by a
10-min ﬁnal extension at 72C.
Statistical methods
Comparisons of proportions were performed using Fisher’s
exact test. The numbers of adhering bacteria per cell were
compared using the Mann–Whitney U-test.
Results
Phylogenetic distribution of Pakistani commensal E. coli
strains
Among the 158 commensal E. coli strains from Pakistani
infants, 47% belonged to group A, 23% to group D, 18% to
group B1, and only 12% to group B2.
Carriage of virulence factor genes and PAIs in Pakistani B2
strains
The prevalence of virulence genes, the malX gene and the
PAI (HPI) in E. coli strains of different phylogenetic groups is
shown in Table 1. Signiﬁcantly (p £0.01) increased carriage of
a given gene/PAI in the strains belonging to a speciﬁc phylo-
genetic group, as compared to all other strains, is indicated
in Table 1.
With the exception of the genes for type 1 ﬁmbriae and
aerobactin, genes for the analysed virulence factors were
quite uncommon, including among B2 strains. The gene
encoding the K5 capsule (kﬁC) was more frequently found
among D strains than in the other phylogenetic groups.
The malX gene, frequently used as a marker for PAI-
ICFT073, was signiﬁcantly more prevalent among B2 strains
(89%) than among the other phylogenetic groups (p <0.001).
The 25 E. coli strains that carried the malX gene harboured
papC (24% vs. 5%; p 0.01) and kﬁC (28% vs. 0%; p <0.0001)
signiﬁcantly more often than the malX-negative strains. The
HPI was no more common among B2 strains than among
other strains (Table 1).
B2 strains from Pakistani infants were compared regarding
the virulence genotype with a set of B2 strains from Swedish
infants previously characterized for phylogenetic lineage and
virulence gene carriage [16,22]. As shown in Fig. 1, several
genes associated with extra-intestinal pathogenicity were
much less common in Pakistani than in Swedish B2 strains.
This was predominantly true for sfaD/E (S-ﬁmbirae and FIC-
ﬁmbriae), neuB (K1-antigen), and hlyA (haemolysin), but was
also the case for papC (P-ﬁmbriae). The papG adhesin gene
of the class III variety was signiﬁcantly less frequent among
Pakistani than among Swedish B2 strains, whereas the class II
variety seemed to be equally common in both B2 strain sets.
Furthermore, the HPI was also less prevalent in Pakistani
than in Swedish B2 strains, whereas the malX gene was
equally common in the two strain collections (Fig. 1).
O-groups of Pakistani E. coli strains of different phylogenetic
origin
We have previously reported a low prevalence of ‘uropatho-
genic’ O-groups and a large proportion of O non-typeable
strains among the commensal E. coli strains from the Paki-
stani infants examined here. In the present study, we analy-
sed the relationship between O-group and phylogenetic
origin. Within each of the phylogenetic groups, including
group B2, approximately half of all E. coli strains were non-
typeable. The ten O-groups O1, O2, O4, O6, O7, O8, O16,
O18, O25 and O75 have long been recognized as being
enriched among uropathogenic strains in Western popula-
tions [27]. Thirty-three per cent of B2 strains belonged to
these serogroups, 17% of D strains, 15% of B1 strains, and
10% of A strains. Thus, B2 strains were signiﬁcantly more
likely to belong to one of these ‘uropathogenic’ O-groups
than were strains of other phylogenetic groups (33% vs.
15%; p 0.03).
Persistence in the bowel microbiota and adherence to
colonic epithelial cells in relation to phylogenetic group
Swedish B2 strains have an increased capacity to persist in
the intestinal microbiota as compared with strains belonging
to other phylogenetic groups [15,16]. We investigated
TABLE 1. Prevalence of certain virulence factor genes and
pathogenicity islands (PAIs) among colonic Escherichia coli
strains isolated from 22 Pakistani infants
Gene
(virulence factor)
Percentage of strains with
virulence factor
A
(n = 74)
B1
(n = 28)
D
(n = 37)
B2
(n = 19)
ﬁmH (type 1 ﬁmbriae) 65 70 74 89
papC (P-ﬁmbriae) 7 0 14 21
papG class II 4 0 14 21
sfaD/E (S-ﬁmbriae and
F1C-ﬁmbriae)
0 0 0 0
neuB (K1 capsule) 1 4 3 0
kﬁC (K5 capsule) 0 0 16** 11
iutA (aerobactin) 51 42 57 26
hlyA (haemolysin) 8 0 14 5
malXa 1 0 20 89***
HPI 46 52 37 42
HPI, high-pathogenicity island.
The prevalence of each virulence factor or PAI in a certain phylogenetic group
was compared, using Fisher’s exact test, with its prevalence in a combined
group of strains of all other phylogenetic groups.
aUsed as a marker for PAI-ICFT073 in some recent studies [32].
Values signiﬁcantly higher than among other strains: **p <0.01 and ***p <0.001.
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whether this was equally true of B2 strains colonizing Paki-
stani infants. Resident E. coli strains, deﬁned as persisting for
at least 3 weeks in the microbiota of an infant, were com-
pared with transient strains regarding phylogenetic group
distribution. As shown in Fig. 2, B2 strains constituted only a
small proportion of the resident strains. Actually, B2 strains
were more common among transient (14%) than among
resident (4%) strains (p 0.3).
Swedish colonic B2 strains display an increased capacity
for MR adherence as compared with strains from other phy-
logenetic groups [15], which could partly explain their good
colonizing capacity, as human colonic epithelium expresses
receptors for such adhesins [18]. As Pakistani E. coli strains
had previously been analysed regarding adherence to the
colonic cell line HT-29, we could relate MR adherence to
phylogenetic origin. B2 strains displayed no increased MR
adherence potential as compared with strains belonging to
the other phylogenetic groups (two vs. four bacteria per cell;
p 0.2).
Discussion
In the present study, we investigated phylogenetic distribu-
tion and carriage of the HPI, and the malx determinant, pre-
viously associated with PAI-ICFT073, in a collection of
commensal E. coli strains isolated from the bowel microbiota
of 22 Pakistani infants [17]. The strains were previously char-
acterized for virulence gene carriage [19], O-groups, and
adherence to the colonic cell line HT-29 [18], and their per-
sistence in the colonic microﬂora was determined [17].
Here, the phylogenetic origin of each strain was related to
its colonizing capacity and virulence gene carriage, and B2
strains were further compared with B2 strains from Swedish
infants regarding virulence gene carriage.
The triplex PCR method developed by Clermont et al.
[24] was used for phylogenetic typing. Although examination
of the entire genome by, for example, MLEE or multilocus
sequence typing represents the reference standard for phylo-
genetic typing, the PCR method used by us has shown excel-
lent correlation with more elaborate methods.
Almost half of the strains belonged to group A, whereas
B2 strains were the least prevalent (12%). With use of the
same method as that used here, 46% of commensal E. coli
strains from Swedish infants were found to belong to the B2
lineage [16]; the corresponding rates were 47% in Swedish
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FIG. 1. Prevalence of certain virulence-asso-
ciated genes and pathogenicity islands among
Escherichia coli group B2 strains obtained from
Pakistani and Swedish infants. Pakistani B2
strains (n = 19) were identiﬁed using multiplex
PCR, related to previously published data on
virulence factor gene carriage [19], and
compared with data obtained using the same
methodology for the study of faecal B2 strains
(n = 69) from Swedish infants [16]. Compari-
sons were made using Fisher’s exact test.
Prevalences that were signiﬁcantly reduced in
Pakistani as compared with Swedish B2 strains
are indicated as follows: *p <0.05, **p <0.01,
***p <0.001.
D
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FIG. 2. Phylogenetic group distribution among 23 resident and 118
transient Escherichia coli strains obtained from 22 Pakistani infants
who had been followed regularly with sampling of the intestinal mic-
robiota during their ﬁrst 6 months of life.
CMI Nowrouzian et al. Commensal B2 E. coli in Pakistani infants 469
ª2009 The Authors
Journal Compilation ª2009 European Society of Clinical Microbiology and Infectious Diseases, CMI, 15, 466–472
healthy adults (F. L. Nowrouzian, V. Friman, I. Adlerberth,
A. E. Wold, unpublished data) and 48% in US women [28].
Other studies have found that commensal E. coli strains
from Western populations are dominated by strains of the
A and B1 lineages [7,29], and we found faecal strains from
Swedish schoolgirls, sampled in the 1970s, to be predomi-
nantly of the A lineage [15]. Clearly, the phylogenetic groups
that dominate in the commensal microbiota may differ
among geographical regions and time-points.
It is likely that a number of factors, including lifestyle, cli-
mate, and environmental bacterial exposure, could inﬂuence
the distribution of phylogenetic groups of E. coli in human
populations.
B2 strains have invariably been found to carry a range of
genes associated with extra-intestinal pathogenicity, including
genes for P-ﬁmbriae and S-ﬁmbriae, capsular antigens K1 and
K5, haemolysin, and aerobactin [15,16,29,30]. These viru-
lence factor genes were remarkably uncommon among Paki-
stani B2 strains, the genes for S-ﬁmbriae, haemolysin, K1
antigen and the class III PapG adhesin being very rare or
completely absent. However, there were non-signiﬁcant
trends towards higher rates of carriage of the genes ﬁmH
(type 1 ﬁmbriae), papC (P-ﬁmbriae) and class II papG (PapG
adhesin) among B2 strains as compared with the other phy-
logenetic groups, and, with a larger sample size, signiﬁcant
differences might have been revealed. Nevertheless, when
commensal B2 strains from Pakistani and Swedish infants were
compared, the former had many fewer virulence genes than
the latter, i.e. sfaD/E (S-ﬁmbriae and FIC-ﬁmbriae), the class III
papG (adhesin) variety, neuB (K1), and hlyA (haemolysin).
Several of these differences were highly signiﬁcant, in spite of
the relatively low number of Pakistani B2 strains analysed. In
fact, none of the Pakistani B2 strains possessed genes for
S-ﬁmbriae or the K1 antigen, which were found in half of the
Swedish B2 strains. This combination of virulence factor genes
is especially common among strains that cause neonatal
septicaemia or meningitis [9,10].
One may speculate that this set of genes has been
acquired by the B2 sublineage in a process separate from the
acquisition of the virulence genes, including pap, that confer
uropathogenicity. Recent whole genome analyses revealed
that the B2 group is not homogenous, and that certain sub-
groups lack traditional virulence factors and probably have
low pathogenic potential [31]. It would be of interest to
examine whether these subgroups are enriched among Paki-
stani B2 strains.
Only half of the Pakistani B2 strains were typeable using
antisera speciﬁc for 69 O-groups common in Western E. coli
collections. In sharp contrast, 100% of B2 strains from the
commensal microbiota of Swedish schoolgirls were typeable
[15]. Furthermore, only 33% of Pakistani B2 strains belonged
to one of ten recognized ‘uropathogenic’ O-groups, in con-
trast to 63% of B2 strains from the rectal ﬂora of Swedish
schoolgirls [15]. Unfortunately, we do not have any data
concerning O-groups among the E. coli strains from the
Swedish infants examined here. Among Pakistani B2 strains
that belonged to the ten ‘uropathogenic’ O-groups, almost
67% carried the papC gene (unpublished observations). Thus,
although O-groups are by no means perfect markers of uro-
pathogenicity (both the O2 and O6 serogroups contain
strains with low extra-intestinal pathogenicity), our results
suggest that uropathogenicity may be more strongly linked
to O-groups than to phylogenetic groups.
Despite the fact that Pakistani B2 strains carried few of
the virulence-associated genes known to be associated with
this subgroup, they almost invariably possessed the malX
gene, which is regarded as a reliable marker for PAI-ICFT073
[32]. Thus, in B2 strains from Pakistani and Swedish infants,
there was an equally high prevalence of this PAI-I marker.
When isolated from uropathogenic E. coli strain CFT073,
this PAI contains pap and hly genes. However, 76% and
94% of Pakistani B2 E. coli strains that carried the malX
gene lacked papC or hlyA, respectively. Polymorphism in
the major structural pilin gene for P-ﬁmbriae, papA, has
been demonstrated [6], and could hamper detection of this
gene by PCR. However, the low prevalence of P-ﬁmbrial
genes among Pakistani E. coli isolates was supported by
their low functional expression, which we previously
reported [18]. Furthermore, carriage of PAI-ICFT073 in the
absence of genes for P-ﬁmbriae and haemolysin has previ-
ously been observed [25]. Thus, our ﬁndings indicate that
the malX gene may not be a reliable marker for
PAI-ICFT073, as suggested by others [32]. The malX gene is,
however, associated with virulence, as it is clearly prevalent
among B2 strains. Its high prevalence among Pakistani B2
strains, which appear to be very distinct from Western B2
strains, suggests that this gene was acquired earlier than
the other genes of group B2.
The HPI, also termed PAI-IV536, was much less common
among Pakistani than among Swedish B2 strains. The HPI has
been suggested to be the ﬁrst PAI acquired by E. coli
group B2, on the basis of its common occurrence. Our ﬁnd-
ing that only 42% of the Pakistani B2 strains carried the HPI
does not support this assumption, unless one considers the
possibility that the HPI has been lost in a B2 subgroup that
has later expanded among Pakistani B2 strains.
The B2 strains found in Pakistani infants did not display
the adaptation to the human bowel that we have previously
observed in B2 strains colonizing Swedish infants and
schoolgirls [15,16]. Thus, among Pakistani infants, B2 strains
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were no more likely to persist in the microbiota than were
strains of the other phylogenetic groups.
In previous analyses of the Pakistani strains, we have
shown that strains capable of long-term persistence in the
bowel microbiota of Pakistani infants did adhere slightly bet-
ter to intestinal epithelial cells via MR adhesins than transient
strains [18], and more often carried the papC and iutA genes
encoding P-ﬁmbriae and aerobactin, respectively [19]. How-
ever, these traits are not linked to B2 origin, as shown in
the present study. In fact, MR adherence was found equally
often among A strains as among B2 strains. In contrast, MR
adherence was linked to B2 origin among E. coli strains iso-
lated from Swedish schoolgirls [15]. This indicates that the
colonizing success of Western B2 strains may be related to
their increased adherence capacity.
In conclusion, our results demonstrate that E. coli strains
isolated from different human populations may differ not
only in phylogenetic distribution, but also in their character-
istics within phylogenetic groups. Previous demonstrations of
associations between group B2 and virulence gene carriage,
extra-intestinal pathogenicity and the capacity to persist in
the bowel microbiota have been made on the basis of the
study of strain collections dominated by strains from Wes-
tern populations. Examination of E. coli strains from geo-
graphically more diverse populations may reveal further
inhomogeneity within the B2 sublineage. Whether variations
reﬂect differences in subgroup composition among B2 pools
or reduced virulence gene carriage across the entire pool of
B2 strains in different geographical regions, remains to be
examined.
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